This study examines the enduring spatial and racial dimensions of poverty and deprivation in South Africa to assess the progress made by the post-apartheid society and state. A multidimensional approach is required to assess progress because it can reflect the reduction in deprivation attributable to the improved affordability and expanded coverage of government services. While there has been previous studies tracking poverty trends over segments of the post-apartheid period, no previous work has considered multi-dimensional deprivation over the two decades following the official fall of apartheid. We adopt the Total Fuzzy and Relative approach proposed by Cheli and Lemmi (1995) to derive a poverty index with nine dimensions of deprivation, including education, employment, dwelling type, overcrowding, access to electricity, water, telephone, sanitation and refuse collection. Our analysis shows that there has been a significant improvement in South African deprivation levels between 1996 and 2011, but it also finds that geography and race continue to play an important role in explaining patterns of deprivation.
Introduction
Decades of discriminatory policies have cut deep scars across South Africa's social landscape, creating one of the most unequal and polarised societies in the world. During the colonial and apartheid era the government restricted the geographical settlement choices and freedom of movement of black South Africans. These restrictive policies were also accompanied by large regional discrepancies in government spending, entrenching the association between place and poverty.
The resulting strong racial dimension and distinct spatial footprint of poverty have impeded post-apartheid change and mobility by magnifying the social distance between the deprived and the affluent. In South Africa, deprived households are largely black or coloured 1 and tend to live on the periphery of the cities and towns. The racial divide is further deepened by its association with cultural and language divides. While one often finds that dimensions such as race, income and geography tend to coincide and overlap, such cuts run far deeper in South African society where these divisions were partly engineered by discriminatory policies and legislation.
The article tracks the progress in addressing the legacy of apartheid by describing the inequalities in South African society at four points in time : 1996, 2001, 2007 and 2011 . The South African government has invested significant effort in improving equity with the earliest reforms predating the official end of apartheid. The apartheid government even started to equalise social spending by race and area starting in the 1970s. More policy reversals followed in the 1980s and with the official fall of apartheid in 1994, further reforms were introduced. Aiming to redress apartheid inequalities, Nelson Mandela's post-apartheid government reorganised the provincial structures, decentralised the bureaucracy and approved budgetary shifts to favour the weaker and more deprived provinces.
Such policy reforms and budgetary reallocations have radically improved access to key services. The share of individuals with access to electricity has improved from 44.5% to 74.6% between 1996 and 2011. 2 Similarly, access to clean water has increased from 57.4% to 74.6%, access to pit latrines or flush toilets has improved from 81.9% to 92.8%, access to formal housing has risen from 63.5% to 79.8% and the share of individuals with access to regular refuse removal has increased from 48.1% to 61.8% over the same period. Despite these strides ahead, inequality remains a deeply entrenched feature of South Africa's social landscape, with both race and geography still serving as markers of deprivation and poverty. Analysis of the 1996 and 2011 Census also shows sluggish growth in employment has also constrained social mobility, with a relatively modest increase in the employed share of labour market participants from 65.9% to 70.2% over this period.
This work contributes to the wider debate on the achievements and shortfalls of the post-apartheid society and state by examining changes in geographical inequality in the fifteen years between 1996 and 2011 using a multidimensional approach to defining and estimating poverty. Conventionally, many of the studies examining changes in poverty in South Africa have focused on money-metric poverty (Van der Berg 2013; Yu 2012; Leibbrandt, 1 Household surveys and censuses ask respondents to self-identify their race as black, coloured, white or Indian. The coloured category refers to an extremely diverse group of people whose mixed heritage attests to decades of intimate contact amongst a range of ethnic groups (Gibson, 2015) . Surveys also often provide an "other" category, but it is rarely used. Although collecting information on race is not uncontroversial, there is broad acceptance that such information is required to assess the performance of the post-apartheid state. 2 The estimates in this paragraph are our own estimates.
Woolard, Finn, & Argent 2010; Özler 2007; Hoogeveen, & Özler 2006; Leibbrandt, Poswell, Naidoo & Welch 2006) with only two recent studies (Bhorat & Van der Westhuizen 2013 & Finn, Leibbrandt & Woolard 2013 considering trends in multi-dimensional poverty. A multi-dimensional index is preferred over a money-metric poverty approach because it can reflect the impact of efforts to expand access to public infrastructure and the introduction of free basic services.
We therefore implement the Totally Fuzzy and Relative approach to estimating poverty proposed by Cheli and Lemmi (1995) and Cerioli and Zani (1990) , adapting and updating earlier work by Qizilbash and Clark (2005) published in this journal. Within the suite of multi-dimensional indices, we opt for this approach because it acknowledges the fuzzy, fluid and continuous nature of poverty and objects to the rigidity of a binary line dividing those that are poor from those who are not. Furthermore, it also avoids the criticism of arbitrary weights by using actual prevalence patterns to determine both the relative weighting of the dimensions of deprivations as well as the categories within each dimension.
The methodology and the data are described in the next two sections, followed with a section reporting poverty and deprivation levels by race and geographical area and the conclusion.
The Fuzzy sets approach to poverty
Over the past two decades, authors such as Alkire and Foster (2011), Ravallion (1996) and Sen (1985) have eloquently and convincingly presented the case for more multi-dimensional work on poverty to complement existing money-metric approaches. These authors outline the shortcomings of conventional money metric approaches in detail, highlighting that monetary measures do not capture deprivation of non-market goods such as free government services, but also that there are many valuable things that money cannot buy such as meaningful and reciprocal relationships, a sense of belonging, human rights, civil liberties, individual self-esteem and empowerment. A money metric measure may also fail to capture the living condition cost of market failures, for instance while some households are able to afford better accommodation they may have to resort to living in shacks because there are no affordable formal houses available. Furthermore, a money-metric approach will miss the contribution of non-market activities such as unpaid care work and farming for own consumption.
While there are strong arguments for opting for multi-dimensional approaches to measuring poverty and deprivation, there are also a number of pitfalls. Many of the dimensions of deprivation that are poorly represented by income and expenditure are difficult to capture in surveys. Data limitations -both in terms of the variables available in data sets but also, more deeply, the question of how well we can translate some of these dimensions into a quantitative measure via self-reported surveys -remain a significant constraint on multi-dimensional approaches.
This means that there is often considerable freedom and discernment for researchers in constructing a multidimensional index. While this opens the approach to the criticism of arbitrariness, it is important to acknowledge that that there are no neutral or objective measures of poverty and that any index -including traditional poverty lines -reflects some inherent judgement on what it means to be poor and what would be an adequate standard of living. Sen highlights that discernment and judgement are vital for constructing poverty indices and measures for it requires "a systematic assessment of importance" because "the job of a measure or an index is to distil what is particularly relevant for the purpose" (Sen 1989 ).
The most common recourse to deflect the criticism of arbitrariness is to opt for a more empirical approach that let the data speak. Examples of this would include qualitative focus groups, principal component analysis, multiple correspondence analysis and also the Totally Fuzzy and Relative approach employed here. The Totally Fuzzy and Relative approach allows us to derive a multidimensional account of deprivation without assigning arbitrary values to the categories within a poverty dimension (e.g. when deciding how we compare the deprivation associated with access to a pit latrine to that of having no toilet) or assigning arbitrary weights to the dimensions of deprivation (e.g. sanitation deprivation vs. lack of access to running water).
This approach is relative and social in how it allocates values and weights, aligning with intuitive ideas about who is considered to deprived and poor in a society. It implies that a specific form of deprivation would be experienced as worse by the individual if fewer people suffered from this type of deprivation. Conversely, deprivation is experienced as less severe when it is more prevalent in a society. For instance, not having running water in your house may be not be experienced as severe if there are many individuals who are in a similar position. In recognition of the relativist and social nature of the prevalence weighting approach and potential for bias in a country that experienced widespread and structural injustice, we assess the assigned weights for alignment with weights derived using analytical approaches and we examine whether any of the dimensions that receive lower than proportional horizontal weights can be considered to be basic needs or core capabilities.
The Totally Fuzzy and Relative method avoids Deaton's criticism of artificial definiteness of poverty lines. He argues that there are few advantages to setting "a sharp line, below which people count and above which they do not" (1997:144). As poverty is an imprecise and amorphous concept, the 'fuzziness' of TFR poverty indices is an important virtue of this approach. Deaton (1997: 144) explains that "perhaps the best poverty line is an infinite one; everyone is poor, but some a good deal more so than others, and the poorer they are, the greater the weight they should receive in measuring welfare and in policy evaluation."
In line with this intuition, the Fuzzy sets approach was originally developed by Zadeh (1965) and later enhanced by Dubois and Prade (1980) to describe 'fuzzy' membership relations. The Fuzzy sets approach is characterised by a membership function that acknowledges fuzziness of most memberships and associations. If P is defined to be the fuzzy subset of the deprived or poor, these membership functions will capture the degree to which the individual, the household or the subset of the population belongs to P, as outlined earlier, with a zero value denoting non-membership, a value of one indicating complete membership, and all values between zero and one suggesting some degree of membership, with the size of the index value representing the household or individual's degree of membership of the group of poor. The Total Relative and Fuzzy approach maximises the region of "fuzziness" by setting the minimum level (below which an individual or household is definitely a member of the group) to be the very lowest category, while the top category is selected as the maximum (above which an individual or household is definitely not a member of the group). If an individual or household were to fall between these two levels, then the individual or household would partially belong to the group. If ) ( ij x  represents the membership function for the i th individual or household in dimension X j , then according to the version of the TFR approach by Cheli and Lemmi (1995) , the membership function for discrete variables will look as follows:
Cheli and Lemmi's membership function is used to estimate the extent of deprivation an individual suffers in a specific dimension such as for instance sanitation or water. It presupposes a clear ordinal ranking of categories within a dimension of poverty, i.e. that it is preferable to have a flush toilet rather than a pit latrine, but that a pit latrine is again preferable to a bucket toilet. Deprivation in each dimension is estimated as a prevalence score equal to the share of the individuals that belong to both this category and any categories preferable to this one. Those in the top category receive deprivation scores of 0 and they are excluded from cumulative prevalence calculations for all other score estimates. Those in the bottom category receive a deprivation score of 1.
These scores for each of the k deprivation dimension are aggregated into a composite deprivation index by calculating the weighted sum of the individual deprivation dimension scores: Cerioli and Zani (1990) proposed a weighting system where each dimension's weight is the inverse function of the number of individuals who are deprived in terms of this dimension, a proposal supported by Miceli (1998) To distinguish the two sets of weights that the TFR method calculates, the dimension weights (comparing dimensions such as for instance housing vs. sanitation) are referred to as horizontal weights, while the comparison within a dimension across categories (e.g. pit latrines vs flush latrines within the sanitation dimension) are called vertical weights.
Data
The There are concerns that censuses may not capture the composition and size of the population completely accurately. For instance, post-enumeration surveys revealed an undercount of just over 10 per cent in 1996, and just over 20 per cent in 2001, which have been adjusted in the sample weights. Even after these adjustments, however, demographers have noted some inconsistencies between the censuses, but this should not greatly affect the results of this analysis. Table 1 displays the set of dimensions of poverty and their respective categories ranked in increasing order with respect to depth of deprivation. From the set of indicators available in all four our data sets we selected nine indicators: overcrowding, dwelling type, the main source of energy for cooking, water access, telephone access (including access to a mobile phone), refuse removal, sanitation, employment and education. While Clark and Qizilbash's previous work (2002) published in this journal demonstrated that different approaches can lead to setting very different minimum levels, the data available restricts us from considering most of the alternative minimum levels. As our choices are largely aligned with earlier work by Klasen (1997 Klasen ( , 2000 and Qizilbash (2008, 2002) , we consider the categorisation of deprivation levels within these nine variables to be uncontroversial and "unlikely to stir much debate" (Klasen, 2000) . We deviate from previous categorisations and rankings on three counts -and in each case in an attempt to err on the side of carefulness. For the energy used for cooking dimension of deprivation we have merged the animal dung and wood options into the same category due to the low prevalence of these categories and concern that there is little basis to argue that animal dung should be preferred over wood. We have also collapsed shacks and traditional huts into one category because we argue that it is difficult to argue that inhabiting a traditional dwelling makes one more deprived than living in a shack, confirmed by the disagreement between Clark and Qizilbash (2002) and Klasen (2000) on the ranking. Thirdly, because our analysis is at an individual level and we want to include household members who are not economically active, we opt for a simple three category scale for employment, with the employed as the least deprived, those not participating in the labour market falling in the middle category and with the unemployed South Africa has adopted a narrow definition of unemployment. The difference between the narrow and the broad definition is due to the prevalence of discouraged workseekers, i.e. respondents who say that they want work, but who have not actively sought work over the past four weeks. According to the narrow definition such discouraged workers are classified as not being economically active. In contrast, the broad definition would include them as unemployed and part of the labour force. After the revision of the labour market status derivation methodology in 2008 (with the introduction of QLFS), the discouraged workseekers definition has changed and it is therefore difficult to construct comparable estimates of broad unemployment, thus our deprivation index uses the narrow definition of unemployment. Table 2 illustrates how horizontal weights are assigned based on the prevalence of deprivation. In all four data sets, the dwelling, energy, refuse and sanitation dimensions received a high share of the weight. The telephone dimension has experienced the greatest change in horizontal weights over this time period, moving from its bottom position in 1996 to the top position in 2011because a telephone was not considered to be an important form of deprivation and received a low weight in 1996, but that because access to landline and mobile telephones has increased so rapidly, not having access to a telephone was in 2011 considered a more significant form of deprivation, with its weighting in the overall deprivation index increasing from 4% to 21% (also see Table 2 also shows that the derived poverty index is dominated by indicators of public service delivery. The index includes two labour market variables and seven dimensions that linked to service delivery outcomes, of which four -energy, water access, sanitation and refuse removal -are determined directly and entirely by government service delivery.
Constructing an index of deprivation
The relatively low weights allocated to education and employment in 2011 are attributable to the high proportion of South Africans who lack tertiary qualifications and employment respectively. Given the prominence of education and employment as policy priorities, the low weighting for these dimensions reflect the dysfunctional post-apartheid labour market and education system, both of which suffer from widespread and structural problems.
In the derived index, this is diluted due to the relative approach's reliance on the prevalence of the deprivation and the implicit assumption that any particular dimension of deprivation is less severe when more individuals are suffering from this form of deprivation. Fortunately, the analysis in the next section is not reliant on the 2011
weights, but uses the 1996 weights where employment still received a higher than proportional weighting. The next section looks at changes over time and we use baseline horizontal weights to ensure that we can meaningfully interpret changes in index values.
Poverty and deprivation by race and area
This section looks at comparisons of poverty by race and area and also over time, confirming the enduring association between place and poverty. In 1996 there was a notable divide in average deprivation levels in the Western Cape, Gauteng and the Northern Cape (between 0.2 and 0.3) compared to Limpopo and the Eastern Cape (approximately 0.6). These findings are significant in understanding the enduring legacy of apartheid because the Western Cape, Gauteng and the Northern Cape are the only three provinces that did not include significant parts of apartheid era "homelands" assigned for settlement of black South Africans, areas characterised by inadequate public service delivery and a lack of infrastructure during the apartheid period. Noble and Wright (forthcoming in this publication) show that homelands have remained areas that contain much poverty and that they lag behind the urban "townships" (neighbourhoods often on the periphery of cities that were designated for black settlement during the apartheid period).
The analysis provides encouraging evidence of effective redress in the post-apartheid period. The indices show a sharp fall in deprivation levels across all provinces.
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According to Table 3 should also be noted that the preponderence of remote and deep rural areas in provinces such as the Eastern Cape (55% rural in 2011) and Limpopo (82% rural) may limit the improvement that can realistically be achieved. However, further analysis shows that the remaining gaps between provinces are not merely due to a higher proportion of rural areas. Rural poverty is deeper in the Eastern Cape, KwaZulu-Natal and Limpopo, where apartheid era underinvestment was at its starkest due to the high concentration of "homeland" areas in these regions. However, part of the differences between the inter-provincial deprivation levels in rural areas may be due to the rural-urban dichotomy obscuring differences in the proportion of remote and deep rural areas included in provinces. There is a concern that the index may be over-sensitive to rural poverty, due to the prominence of service delivery variables in the index and the lack of variables that can capture access to own produce and other rural livelihood. However, the index does capture the most important dimensions of deprivation and is thus a useful tool in tracking post-apartheid progress, particularly in service delivery. Table 4 shows an improvement across all provinces and all dimensions. There are of course also a few dimensions within provinces that have not shown improvement over time -notably employment in most provinces (the Western Cape, Northern Cape, Free State, KwaZulu-Natal, Gauteng and Mpumalanga), but also dwellings in the Western Cape and refuse collection in the Northern Cape.
The steeper fall in deprivation levels in poor provinces such as Limpopo and the Eastern Cape is driven by improvements across the board. Deprivation has considerably declined in all dimensions, apart from employment and refuse collection. Conversely, progress with deprivation was slower in urban settings and affluent provinces, Indeed, the deterioration of both the dwelling dimension and employment in the Western Cape could be due to pressures of in-migration.
The largest improvement has been in the telephone dimension, largely attributable to expansion in mobile penetration. Due to the relatively low baseline weight of this dimension (only 4%, it will not dominate the index.
There are few other notable outliers, except perhaps at the bottom with employment and refuse also showing more sluggish aggregate improvement. Changes in employment deprivation are the result of movement between employment and unemployment, but also in and out of the labour market. Entering the labour market without finding a job represents an increase in measured deprivation. In the post-apartheid period there was a rapid expansion of labour market participation and because movement from not being economically active (not looking for a job) into unemployment (unsuccessfully looking for a job) is seen as an increase in deprivation, rising labour market participation dilutes overall improvement in deprivation.
While there is great variation across provinces in levels of deprivation with respect to sanitation, refuse removal and access to energy, there is remarkable inter-provincial stability in the crowding variable and reasonable stability in education and employment. For all the service delivery variables, there is a sharp divide between levels of deprivation in the Western Cape, Gauteng, the Northern Cape and those in the other provinces . The table also shows that employment deprivation is particularly severe in the Eastern Cape and Limpopo. The Eastern Cape, KwaZulu-Natal, Mpumalanga and Limpopo are substantially more deprived in terms of access to energy than other provinces. Figure 2 considers the two extremes of the racial distribution, comparing deprivation trends for white and black South Africans. It shows that deprivation has diminished for both groups. The vertical axis shows the cumulative percentage of the population that is deprived at any particular level of the index, and its clear declines over time for the black population mean that there is stochastic poverty dominance, i.e. that in each subsequent year the share of black individuals classified as deprived using any threshold has declined. The curves are often indistinguishable for white South Africans, but for black South Africans change have been large and significant. The average level of deprivation for each population group per province is summarised in Despite the known strong association between education and labour market prospects, Table 6 below shows considerable geographical variation in average poverty within educational groups. This is partly because this is a multi-dimensional index, with substantial representation of service delivery variables. However, a notable share of the residual variation across areas may be attributable to continued geographical differences in labour absorption rates. Due to the latter, there is a stream of job-seeking migrants from poor rural provinces to urban provinces, often leaving older retired household members behind. Due to improvements in educational attainment over time, this cohort tends to have substantially lower levels of educational attainment. Despite the notable differences in deprivation within educational groups, we also see a narrowing of the deprivation gap between provincesespecially amongst the less educated. The paper finds that there has been a remarkable post-apartheid improvement in deprivation levels as measured using the dimensions discussed and that there is evidence of redress taking place. It is encouraging that the observed progress is visible for all provinces and across all dimensions. While aggregate deprivation is still high, deprivation in terms of the dimensions captured here has improved most in the poorest provinces, thosethat were neglected historically. There is a narrowing of the gap between the poorest and most affluent provinces over this time period.
However, despite progress, the legacy of apartheid remains highly visible in the patterns of deprivation with enduring gaps between black and white; ex-"homeland" provinces and others. White South Africans are unlikely to suffer much deprivation regardless of which provinces they reside in. In contrast, black South Africans tend to experience multiple forms of deprivation and this varies considerably by province.
The selection of a multi-dimensional approach reliant on government services was deliberate, as it allows us to provide a more encompassing view on efforts to overcome the apartheid legacy. However, due to the dominance of service delivery variables the trends shown here present a rosier picture and diverge from the money metric approach. With money-metric poverty analysis, the expansion of service delivery to poorer communities would not be visible. Since 2002 there has been a clear decline in money-metric poverty associated with the introduction and expansion of the child grant ( Coetzee, 2013) . Due to sluggish job growth over this period the labour market has not contributed substantially to poverty alleviation and employment is viewed as a serious concern and policy priority going forward.
Furthermore, it is important to remember that the service delivery indicators do not incorporate the quality of the services, This omission is crucial, particularly in a field such as education where quality differentials are large, or in housing where public housing provision is often of low quality. Services such as refuse removal and sanitation can provide dignity, avoid illness and reduce suffering and inconvenience, but human capital investments are necessary to propel individuals forward and transform the choices and prospects individuals face. We do not report on the quality of education here because there are no adequate proxies for the quality of education available in the data. However, other research has shown that the quality of education in South Africa is far below international benchmarks and remains highly correlated with race, with little improvement observed over the post-apartheid period ( Van der Berg et al. 2011) . While this analysis provides encouraging signs of post-apartheid transformation and progress towards a more equitable society, we need to be cautious in our optimism because an index that fails to account for the quality of human capital will tend to overestimate the social change that has been achieved.
